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FOREHORD 


The  D.S«  Army  Combat  Systems  Test  Activity  (USACSTA),  Aberdeen  Proving 
Ground  (APG) ,  MD,  was  responsible  for  the  design  of  the  Mine  Detonation 
Detection  System  (HDDS),  its  software,  the  overall  data  acquisition  scheme, 
and  the  methodology  developed  employing  these  elements.  Fredrick  Manufacturing 
Co.,  of  Fredrick,  MD,  built  the  HDDS. 


(Page  2  Blank) 


SECTION  1 .  SUMMARY 


1.1  BACKGROUND 

The  self-destruct  time  of  the  mines  dispensed  by  the  Multiple  Delivery 
Mine  System  (Volcano)  is  an  important  mine  reliability  parameter  that  required 
the  development  of  a  new  Mine  Detonation  Detection  System  (MDDS)  in  order  to 
collect  these  data. 

The  MDDS  fulfills  the  requirement  to  automatically  monitor  and  detect  the 
detonation  of  up  to  200  mines.  Before  designing  the  MDDS,  previously  developed 
detonation  detection  systems  were  looked  at  for  ideas. 

Mine  detonation  detection  systems  at  Aberdeen  Proving  Ground  from  the 
1950 's  to  the  1970's,  used  microphones  and  infrared  detectors  as  sensors.  One 
very  successful  device  developed  in  the  1960's  could  distinguish  the 
detonation  of  a  down  loaded  mine  against  the  background  noise  of  a  tank.  The 
system  used  an  in-house  designed  microphone  that  contained  a  diaphragm, 
piezoelectric  crystal  and  transistor  to  sense  the  detonation.  The  microphone 
was  tuned  to  the  frequency  of  the  audio  signal  emitted  the  mine  when  the 
prime  fuze  functioned.  '^e  output  of  the  microphone  was  fed  into  signal 
conditioning  circuitry  and  them  to  a  comparator  that  controlled  the  gate  of  a 
Silicone  Controlled  Rectifier  (SCR).  When  the  SCR  conducted,  the  capacitor  in 
series  with  it,  would  discharge  and  activate  the  solenoid  on  a  speed  graphic 
camera.  This  system  monitored  one  mine. 

Other  systems  during  this  period  used  microphones  and  strip  chart 
recorders.  The  microphones  monitored  one  mine  or  several  mines.  The  output  of 
the  microphones  were  fed  into  chart  recorders.  When  monitoring  individual 
mines,  one  chart  recorder  channel  per  mine  was  required.  Infrared  detectors 
were  used  with  fully  loaded  mines.  The  infrared  detector  would  generate  a 
pulse  when  it  sensed  the  infrared  signature  of  an  exploding  mine.  The  pulse 
was  amplified  and  displayed  by  a  chart  recorder.  The  occurrence  of  a 
detonation  would  be  known  but  not  the  identity  of  that  mine. 

The  above  systems  and  several  variations  were  successfully  developed  and 
used  by  the  Special  Ordnance  and  Small  Arms  Development  Laboratory,  U. S.Amy 
Combat  Systems,  Test  Activity  (USACSTA) .  These  techniques  were  used  primarily 
during  the  1950s  through  the  1970s. 

During  the  early  1980s,  the  Instrumentation  Development  Branch  (IDB) 
USACSTA,  developed  a  microprocessor  based  detonation  detector  that  could 
monitor  64  mines.  The  Mine  Event  Logger  System  (MELS), as  it  was  called,  was 
designed  to  check  the  conductivity  of  a  thin  wire  placed  over  each  mine.  When 
a  mine  detonated  it  broke  the  wire.  The  MELS  Microprocessor  Control  Unit  (MCU) 
checked  the  conductivity  of  all  of  the  mine  wires  once  every  minute  and 
recorded  the  time  that  they  were  broken.  The  system  worked  well. 

During  1985  a  detonation  detector  was  introduced  that  was  physically 
coupled  with  the  mine  and  produced  a  light  flash  when  detonated.  The  sensor 
was  a  Lucky  Fuze,  which  is  a  piezoelectric  crystal  originally  used  in  the  nose 
of  a  90-mm  projectile  with  a  point  initiating,  base  detonation  fuze.  When  the 
mine  detonated  (down  loaded  mine),  the  crystal  generated  a  voltage  that  was 
applied  to  the  gate  of  a  SCR.  The  SCR  would  conduct  and  set  off  a  flash  bulb 


that  was  in  series  with  the  SCR  and  a  9-volt  battery.  Each  mine  was 
instrumented  with  the  detector  discribed  above.  An  observer  seeing  the  flash 
would  note  the  time  of  detonation. 

With  the  knowledge  of  detonation  detectors  used  over  the  past  three  and  a 
half  decades  as  a  base,  the  system  described  in  this  report  was  developed  to 
provide  accurate  and  reliable  mine  detonation  detection. 


1.2  OBJECTIVES 


The  objectives  are  to: 

a.  Developed  a  system  that  will  automatically  monitor  and  detect  the 
detonation  of  up  to  200  mines.  The  design  goals  of  this  system  include: 

(1)  Centralized  Monitoring  and  Control. 

(2)  Automatic  data  collection. 

(3)  Uninterruptible  power  supply. 

(4)  High  reliability. 

(5)  Hardware  and  software  flexibility. 

b.  Provide  a  detailed  description  of  the  HDDS. 

c.  Provide  an  operational  description  of  the  HDDS. 

1.3  SUMMARY  OF  PROCEDURES 

The  procedures  developed  for  mine  detonation  detection  of  down  loaded 
mines  (lype  20)  are: 

a.  Survey  a  map  of  the  intended  mine  field  pattern  to  determine  if  all 
the  mines  can  be  instrumented. 

b.  Decide  on  a  location  for  the  monitoring  equipment.  This  equipment  has 
to  be  enclosed  and  provided  with  a  voltage  source  of  110  VAC.  Provisions  have 
to  be  made  for  routing  a  maximum  of  ten  l/4^inch  diameter  cables. 

c.  Dispense  mines. 

d.  Emplace  the  remote  boxes  in  mine  field,  connect  multiconductor  cable 
and  run  to  interconnect  box  (part  of  monitoring  equipment) . 

e.  Run  20  sensor  wires  per  remote  box  to  the  test  mines.  Cement  sensors 
to  mine  surface  using  dental  cement. 

f.  Initialize  the  monitoring  system. 


1.4  SUMMARY  OF  RESULTS 


The  MUDS  (fig.  1.4-1).  worked  as  designed.  It  provided  accurate  and 
reliable  mine  detonation  detection  data  on  Type  20  mines  (limited  usability 
during  future  tests)  during  the  DT  11  of  Volcano. 

Instrumenting  the  mine  field  was  not  a  difficult  task  because  the  mines 
could  be  easily  seen,  the  dispersion  made  it  easy  to  walk  through  the  field, 
and  anti-personnel  mines  were  not  used  (not  a  normal  mine  field  configuration) . 
During  setup,  stakes  were  hammered  in  near  each  mine  for  sensor  cable  strain 
relief  (fig.  1.4-2).  When  instrumenting  the  mine  field,  no  premature 
detonations  were  noted  that  were  linked  to  the  attachment  of  a  sensor.  The 
premature  detonations  that  happened  during  the  instrumentation  of  the  mine 
field  were  caused  by  people  accidentally  moving  the  mines  or  bringing  metal 
objects  too  close. 

The  portion  of  the  system  that  is  in  the  mine  field  can  withstand  the  wind 
and  rain;  however,  electrical  noise  can  present  a  problem.  When  a  Type  20  mine 
detonates,  the  mine  sensor  generates  2  to  4  volts.  The  remote  box  threshold 
voltage  is  set  at  1.5  V.  Whenever  a  voltage  spike  from  the  sensor  exceeds  the 
1.5  V  reference,  a  mine  detonation  indication  is  given.  Electrical  noise  in 
the  atmosphere  can  cause  spikes  on  the  line  that  give  false  detonation 
indication.  The  longer  the  sensor  cable  the  more  noise  induced.  The  normal 
noise  level  on  a  sensor  cable  fully  extended  is  about  80  mV.  far  below 
the  1500  mV  needed  to  reach  the  threshold.  However,  when  the  atmosphere  is 
especially  noisy,  spikes  of  500  to  1000  mV  can  occur.  Occasionally  a  larger 
spike  will  be  induced  on  the  line.  A  solution  to  immunize  the  MDDS  against 
these  rare  occurrences  exists  and  is  discussed  in  paragraph  1.7. 

The  remote  unit  drivers  can  reliably  drive  three  sections  of  cable  between 
the  remote  box  and  the  interconnect  box.  The  remote  box  sits  in  the  mine  field 
with  20  sensor  lines  connected  to  it.  The  status  of  these  lines  are  sent  back 
to  the  Vehicle  Performance  Recorder  (VPR)  via  a  multiconductor  cable  called  a 
remote  interconnect  cable.  The  VPR  is  a  self-contained  data  acquisition  system 
and  is  described  in  paragraph  2.1.  Each  cable  is  350  feet  in  length.  The 
cables  can  be  connected  together  via  a  cable  extender  box  which  provides  a 
straight-through  connection  for  each  conductor.  The  remote  box  drivers  can 
drive  three  cable  sections  with  a  total  length  of  1050  feet.  At  present,  only 
two  extender  boxes  exist.  The  need  for  additional  extender  boxes  is  expressed 
in  paragraph  1.7. 


1.4  (Cont'd) 


INTERCONNECT 


1 .5  ANALYSIS 


The  HDDS  successfully  detected  Type  20  Volcano  mine  detonations  during  the 
DT  II  of  those  items. 

The  absence  of  antipersonnel  mines  made  the  instrumentation  of  the  field 
easier  and  safer.  When  at  all  possible,  antipersonnel  mines  should  be  avoided 
when  trying  to  collect  time-out  data.  Late  armings  could  cause  injuries  to 
surveyors  and  instrumentation  personnel.  Having  to  avoid  trip  lines  will  delay 
the  instrumentation  of  the  mine  field  and  possibly  increase  the  number  of 
premature  detonations  caused  by  test  personnel. 

Electrical  noise  induction  is  a  potential  problem  with  the  sensor  cable 
only.  The  conductors  in  the  remote  interconnect  cables  are  normally  high  and 
go  low  when  the  corresponding  mine  detonates.  The  steaefy-state  noise  level  is 
a  good  parameter  to  monitor  when  trying  a  different  mine  field  area.  To 
collect  data  on  this  parameter,  ftilly  extend  a  sensor  cable  into  the  mine  field 
and  connect  the  terminal  end  to  an  osciloscope.  Observe  the  steady-state  close 
up  noise  level.  Samples  of  voltage  spikes  can  be  collected  by  using  a  storage 
scope  instead  of  a  regular  one.  Set  the  scope  to  trigger  off  of  the  spikes. 
The  remote  box  threshold  level  should  be  set  above  the  highest  spike  recorded 
and  below  the  minimum  output  of  the  sensor. 

Having  additional  cable  extender  boxes  available  gives  the  tester  the 
option  of  increasing  the  diameter  of  the  area  that  can  be  instrumented. 
Without  cable  extenders  the  major  diameter  of  the  coverage  area  is  900  feet. 
With  six  cable  extenders,  diameter  increases  to  1600  feet;  however,  with  the 
12  cables  available  only  120  mines  could  be  monitored.  In  a  practical  mine 
field,  mines  nearby  would  not  require  the  extender  so  you  have  various  length 
of  cable. 

1.6  CONCLUSIONS 

The  data  acquisition  system  described  in  this  report  provides  a  valuable 
tool  for  evaluation  of  mine  self-destruct  time,  an  important  mine  reliability 
parameter.  Equally  as  important  as  the  system  is  the  supporting  documentation 
contained  in  this  report.  The  documentation  will  insure  that  future 
refinements  of  this  system  or  other  developnents  to  our  detonation  detection 
capability,  will  have  as  their  base  the  efforts  for  this  system's  development. 
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1.7  REOOMMENDATIONS 


It  is  recommended  that: 

a.  Four  additional  cable  extenders  be  procured,  bringing  the  total  to 

six. 

b.  Sensors  be  procured  that  have  a  higher  voltage  output  than  the  LAU 

nose  cones  per  corresponding  g  level.  The  light  antitank  weapon  (LAW)  nose 
cones  are  adequate  for  monitoring  the  Type  20  mines;  however,  the  newly 
available  sensors  will  provide  more  flexibility  for  monitoring  other  events 
that  are  not  as  violent  as  the  Type  20  mine  detonation.  The  signal  can  also  be 
attenuated  for  events  more  violent  than  the  lype  20  detonation.  The  higher 

output  would  also  increase  the  system's  immunity  to  noise  because  the  threshold 
could  be  raised.  The  output  of  the  LAW  nose  cone  during  a  Type  20  detonation 

is  from  2  to  4  V.  The  output  of  the  new  sensor  during  the  same  detonation  is  2 

to  3  times  higher.  The  LAW  nose  cones  are  described  in  detail  in 

paragraph  2.3.1. 

c.  The  remote  boxes  be  modified  by  adding  resistors  across  the  inputs  in 
a  dual-in  line  package  (DIP) (fig. 1.7-1) .  This  package  would  allow  for  easy 
variance  of  the  input  resistance  because  you  can  readily  change  resistor 
integrated  circuits  (ICs).  Changing  the  resistance  varies  the  attenuation  of 
the  input  signal  and  noise  level. 

d.  An  additional  VFR  be  requested  for  support  of  mine  testing.  An 

additional  VPR  would  allow  the  option  to  use  both  to  monitor  the  same  mine 
field  (fig. 1.7-2).  An  advantage  to  this  would  be  an  increase  in  the  mine  field 

area  that  could  be  covered.  An  additional  terminal  would  be  required  but  any 

terminal  that  has  an  RS-232  interface  would  be  sufficient.  Additional 

parallel  input/output  (I/O)  cards  would  also  be  needed.  This  concept  could  be 
applied  to  monitoring  different  mine  fields  simultaneously.  The  VPRs  are 
USASCTA  test  instrumentation  resources  that  are  allocated  according  to  test 
item  priority  and  other  consideration. 

e.  A  weatherproof  housing  be  constructed  for  the  remote  unit.  The 
present  housing  provides  limited  protection  and  has  to  be  covered  when  set  up 
in  the  mine  field. 

f.  The  system  should  have  a  check-out  mode  to  insure  that  instrumentation 
is  functioning  from  the  mine  to  the  recorder.  It  should  also  have  a  false 
alarm  algorithm  to  detect  false  alarms,  record  them,  and  relatch  the  affect 
remote  control  box/ mine  sensor (s). 


2.  SYSTEM  TECHNICAL  DESCRIPTION 

The  HDDS  continually  monitors  the  status  of  up  to  200  mines  and  reports 
the  date  and  time  of  each  mine  detonation.  Descriptions  of  how  this  is 
accomplished  is  presented  at  different  levels  of  detail  within  this  section. 

Vfhen  a  mine  detonates «  the  remote  box  senses  this  occurrence  via  a  sensor 
and  sensor  cable.  A  multiconductor  cable  that  stretches  from  the  remote  box  to 
the  VPR  (via  the  interconnect  box)  carries  that  information.  The  voltage  on 
the  corresponding  conductor,  that  represents  the  mine,  goes  low.  This  line  is 
terminated  at  one  of  the  parallel  1/0  card  input  in  the  VPR.  The  VPR's  I/O 
processor  continually  runs  a  task  that  monitors  these  cards.  The  I/O  processor 
collects  the  status  of  all  these  inputs  (200)  every  20  ms  and  stores  them  in 
banked  memory. 

The  VPR's  data  processor  accesses  the  status  of  these  inputs  and  tests  to 
find  out  if  there  have  been  detonations  since  the  last  check.  If  there  has 
been,  the  data  processor  will  time-tag  the  mine  number  with  the  time  of  day  and 
date.  This  information  is  sent  to  the  display  and  printer.  It  is  also  stored 
for  easy  retrieval  using  various  data  formats. 

2.1  VEHICLE  PERFORMANCE  RECORDER  (VPR) 

The  VPR  is  a  small,  self-contained  multiprocessor  based  data  acquisition 
and  processing  system  (fig.  2.1-1).  It  was  designed  to  be  installed  on  a 
vehicle  to  acquire,  process,  and  store  data,  and  is  easily  adaptable  to  other 
harsh  environment  applications.  The  power  of  the  system  and  its  inherent 
flexibility  made  it  ideally  suited  for  monitoring  tbe  status  of  up  to 
200  mines.  Tbe  VPR  measures  33.0  by  25.4  by  22.8  cm  (13  by  10  by  9  in.), 
weighs  approximately  16.8  kg  (37  lb),  and  requires  1.8  amps  at  28  VDC  for 
operation.  Tbe  VPR  operates  over  a  temperature  range  of  -40  °C  to  85  °C. 


Figure  2.1-1.  Vehicle  performance  recorder. 
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2.1.1  VPR  Hardware 

Figure  2.1-2  is  a  block  diagram  of  the  VPR  hardware,  consisting  of  a 
TransCerm  3  portable  terminal  with  printout  capabilities,  and  printed  circuit 
assemblies  (seven  commercially  available  and  two  developed  in-house)  installed 
in  a  ruggedized  bousing.  The  printed  ciruit  assemblies  provide  the  following: 

a.  An  8-bit  CMOS  microcomputer  dedicated  to  data  processing  (fig.  2.1-3). 

b.  An  8-bit  CMOS  microcomputer  dedicated  to  I/O  (fig.  2.1-4). 

c.  Dual  serial  I/O  (for  terminal  control)  (fig.  2.1-5). 

d.  64K  additional  RAM  (fig.  2.1-6). 

e.  Parallel  I/O  (five  boards)  (fig.  2.1-7). 

The  primary  purpose  of  the  I/O  board  with  16R  ROM  and  8K  RAM  is  to  monitor 
mine  detonation  via  the  parallel  I/O  boards.  When  a  signal  indicating  a  mine 
detonation  comes  from  the  remote  boxes  it  enters  the  parallel  I/O  board.  A 
mine  detonation  is  indicated  by  a  logic  low  on  the  parallel  I/O  board.  These 
data  are  stored  in  bank  memory  (64R  RAM);  from  which  the  data  processing  board 
can  get  this  information.  The  I/O  board  continuously  monitors  the  parallel  I/O 
boards  via  Cim-bus,  which  is  the  N.S.C.  interface  bus.  Every  20  ms  the  Central 
Processing  Unit  (CPU)  receives  a  signal  from  the  interrupt  controller  to  update 
the  information  in  bank  memory. 

The  primary  purpose  of  the  data  processing  board  is  to  give  the  data 
received  from  bank  memory  a  detonation  time  and  display  detonation  information 
on  the  terminal.  The  CPU  controls  the  interrupt  controller  and  communicates 
with  the  I/O  CPU  via  the  hardware  mailbox.  The  current  date  and  time  are 
entered  by  the  operator,  and  is  used  to  establish  the  actual  detonation  time. 
The  data  processor  also  controls  the  dual  serial  I/O  board. 


The  five  parallel  I/O  cards  in  the  VPR  play  an  important  role  in  the 
hardware  of  the  MODS.  Each  card  is  capable  of  receiving  40  inputs  from  the 
remote  boxes.  These  cards  along  with  the  software  resident  in  the  I/O  board 
gives  the  system  a  200  mine  capability.  IVo  parallel  I/O  port  chips  are  used 
on  the  parallel  I/O  board  which  are  programmed  to  be  used  solely  as  inputs. 
Figure  2.1-8  shows  the  block  diagram  of  the  board.  There  are  several  jumper 
positions  on  the  boards.  Each  is  used  to  provide  a  specific  function,  whether 
the  jumper  position  is  connected  or  not.  Also  each  board  is  individually 
addressed  using  its  unique  jumpered  address.  Each  card  uses  eight  addresses  to 
access  such  functions  as  input,  output,  and  status.  The  address  assignment  is 
provided  in  Table  2.1-1.  The  five  base  addresses  are  80H,  88H,  90H,  98H,  and 
AOH.  Figure  2.1-9  shows  the  jumper  position  layout. 
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2.1.1  (Cont'H) 


2.1.1  (Cont'd) 


Figure  2.1-8.  Parallel  I/O  board,  functional  block  diagram. 
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JUMPER  CONFIGURATION 
C1M-210/-210C 


Wien  cloiod,  connect!  *5  t^OC  %  pullwp  to  UJ. 

When  closed,  connects  *15  VOC  i  puHwp  to  Ul. 

When  closed,  connects  *5  VK  S  puHwp  to  U2. 

When  closed,  connects  *15  VOC  E  pullup  to  U2. 

When  closed,  connects  *5  VOC  S  puHup  to  US. 

When  closed,  connects  *15  VOC  E  pullup  to  US. 

When  closed,  connects  VOC  S  pullup  to  U6. 

When  closed,  connects  *15  VOC  E  pullup  to  U6. 

When  closed,  connects  *3  VOC  S  pullup  to  UW. 

When  closed,  connects  *15  VOC  E  pullup  to  UW. 

When  closed,  connects  *3  VOC  S  pullup  to  U16. 

When  closed,  connects  *15  VOC  E  pullup  to  Ul6. 

When  closed,  connects  *3  VOC  S  puHup  lo  U12. 

When  closed,  connects  *13  vOC  E  pullup  to  U12. 

When  closed,  connects  *3  VOC  S  pullup  to  U9. 

When  closed,  connects  *15  VOC  E  pullup  to  U9. 

When  cl/>sed,  connects  *5  VOC  S  pullup  to  Ull. 

When  closed,  connects  ♦IS  VOC  C  pullup  to  Uli. 

When  closed,  connects  *3  VOC  3  pullup  to  UlO. 

When  closed,  connects  *13  VOC  E  pullup  to  UiO. 

When  closed,  connKts  1NT2A  to  IHT2B. 

Provides  CNO  to  sockets  of  Port  lA  4nd  Port  18. 

When  closed,  provides  *3  VOC  to  sockets  of  Pont  lA  and 
Port  18.  .  »  c  ^ 

When  closed,  connects  the  output  of  the  Control  ^4«' 

Circuit  to  the  sockets  of  Port  lA  and  Port  18. 

When  closed,  connects  INT2B  to  INTIA. 

When  closed,  connects  INTJA  to  CIMBUS  interrupt  line 
IHU. 

When  closed,  connects  INTIA  to  CIMBUS  interrupt  line 
INlb. 

When  closed,  connects  INT2A  to  1NT18 

When  closed,  connects  INT2B  to  CI«US  interrupt  1  me 

INT?. 

When  closed.  connKls  1NT2B  to  CIMBUS  interrupt  Hne 

Whe^cleted,  provides  *5  VDC  to  sockets  of  Port  2A  and 
Port  ?B.  _ 

Provides  CHD  to  sockets  of  Port  2A  and  Pert  ?B. 

When  closed,  connects  the  output  of  the  Conuol  Fail 
Circuit  to  the  sockets  of  Port  2A  and  Port  28. 

When  closed,  connects  INTIA  to  INTib. 

Provides  CND  to  sockets  of  all  pert  StroPe  and  Readj- 

When  closed,  provides  *3  VDC  to  sockets  of  *11  port 
strobe  and  ready  lines.  r.n 

When  closed,  connKls  the  output  of  the  Control  fan 
C'rcuit  to  the  sockets  of  all  port  strobe  and  ready 

Conn«ts  the  inverted  output  of  the  Control  Fail  Circuit, 
fail,  iM»lch  generates  FI/  and  FA/. 

When  closed,  connects  the  output  of  the  Control  Fail 
Circuit,  fail/,  ivhich  generates  FI  and  FA. 

•When  closed,  connects  INT2A  to  CIMBUS  interrupt  line  1^0. 

When  closed,  connects  1NT2A  to  C1M8US  interrupt  line  INTI. 

When  closed,  connects  -15  VOC  fro*  the  CIMBUS  interface  to 
connector  J1  pin  SO. 

When  closed,  connects  INTIB  to  CIMBUS  interrupt  line  INT6. 

When  closed,  connects  INTIB  to  ClrtUS  InUTTupt  ine  NT7. 

When  closed,  PIO‘s  are  cleared  »4ien  CIMBUS  INHIBIT/  line 
is  asserted.  ,  r  . 

PIO's  are  cleared  »4ien  the  output  of  the  Control  Fail 
Circuit  Is  active  (FAIL/). 

When  closed,  P10*$  are  cleared  *4ien  CIMBUS  RESET/  line  is 

ProJidet’*5  VOC  supply  voltage  for  all  sockets  (*5  V  5). 
When  closed,  provides  etternal  *5  VDC  frcn  connector  Jl 
pin  44  to  all  sockets  (supply  voltage), 

When  closed,  connects  ClMBuS  analog  GNO  to  connector  jl 
pns  4l  and  48.  , 

When  cloSfO.  connect!  *15  VDC  f non  the  CIWUS  ,nter(.ce 
lO  the  board  and  connector  Jl  pm  49. 

Connects  the  CIMBUS  GNO  line  to  all  socket  grounds  (W  S). 
'/hen  closed,  connects  external  GNO  from  connector  Ji  Pins 
21  22  43  and  45  to  all  socket  grounds  (GNU  S). 

When  cl’osed,  connects  CIHOUS  GNO  to  eiternal  CND 
(connector  JI.  pins  21  .  22.  43. 

When  closed,  connects  external  *5  VDC  (Jl.  nm  44 
CIMHlit  vnr 


*“ Indicates  a  jumpered  connection. 

**-Indicates  base  address  for  board 
1-5  respectively. 


Figure  2.1-9.  Parallel  I/O  board  jumper  configuration. 


TABLE  2.1-1.  I/O  PORT  ASSIGNMENTS 


OPERATION 


PORT 

1 - 

READ 

WRITE 
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INPUT  PI02 
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2.1.2 


Thus  far,  insight  has  been  given  into  the  hardware  of  the  VPR,  but  the  '^PR 
is  an  integration  of  hardware  and  software.  A  more  complete  description  is 
shown  in  Figure  2.1-10.  In  this  figure,  which  points  out  the  software 
intensiveness  of  the  VPR,  the  hardware  is  at  the  lowest  level.  The  system  is 
built  on  levels  with  hardware  and  hardware-dependent  software  at  the  lower 
levels,  and  application  programs  at  the  upper  levels. 

The  functions  of  the  VPR  are  like  building  blocks,  with  each  level  making 
use  of  the  functions  provided  by  the  level  below. 

The  VPR  is  designed  around  a  commercially  available  real-time  operating 
system  kernal  called  Versatile  Real-Time  Executive  (VRTX) .  VRTX  provides  the 
facilities  necessary  for: 

a.  Task  management. 

b.  Inter-task  communication  and  synchronization. 

c.  Character  I/O  support. 

d.  Interrupt  servicing. 


A 
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2.1.2  (Cont'd) 

Table  2.1-2  lists  the  various  VRTX  calls. 


TABLE  2.1-2.  VRTX  CALLS 


Group  Mnemonic 


Task  Management: 


SC_TCREATE 

SC_TDELETE 

SC_TSUSPEND 

SC_TRESUME 

SC_TPRIORITY 

SC_TIl«3UIRy 

SC_LOCK 

SC  UNLOCK 


Communication  and  Synchronization: 

SC_P0ST 

SC_PEND 

SC_ACCEPT 

SC_QPOST 

SC_QPEND 

SC_QACCEPT 

SC  QCREATE 


Real-Time  dock: 


Character  I/O: 


SC_TDELAY 
SC  TSLICE 


SC_GETC 
SC_PUTC 
SC  WAITC 


Interrupt  Servicing: 

UI_P0ST 

UI_EXIT 

UI_TIMER 

UI_RXCHR 

UI_TXRDY 

UI_ENTER 

UI  QPOST 


_ Function _ 

Task  create 

Task  delete 

Task  suspend 

Task  resume 

Task  priority  change 

Task  inquiry 

Disable  task  rescheduling 
Enable  task  rescheduling 


Post  message 
Post  for  message 
Accept  message 
Post  message  to  queue 
Pend  message  from  queue 
Accept  message  from  queue 
Create  message  queue 

Task  delay 
Enable  round- robin 
ccheduling 

Get  character 
Put  character 
Wait  character 


Post  from  interrupt  handler 
Exit  from  interrupt  handler 
Announce  timer  interrupt 
Received-character  interrupt 
Transmit- ready  interrupt 
Enter  interrupt  handler 
Post  to  queui  from  interrupt 


Real-Time  systems  such  as  the  VPR  are  designed  to  perform  seemingly 
unrelated  functions  in  a  nonsequential  manner,  thereby  utilizing  system 
resources  more  efficiently.  For  example,  the  VPR  can  interleave  the  input  of 
data  from  the  parallel  I/O  boards,  mine  detonation  processing,  and  display  of 
data  on  the  terminal.  VRTX  supports  these  real-time  functions  by  providing  the 
basic  mechanism  for  implementing,  multitasking,  where  a  task  is  a  complete 
execution  path  through  code  that  demands  the  use  of  system  resources.  In 
real-time  systems,  several  tasks  appear  to  operate  simultaneously  through  rapid 
allocation  of  CPU  time. 
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2.1.2  (liont'd) 

In  the  VFR,  as  many  as  three  tasks,  each  tagged  with  a  unique 
identification  number,  is  active  at  one  wime.  (The  operating  system  kernel 
supports  and  the  VPR  could  contain  up  to  255  tasks.)  Each  task  is  assigned  a 
priority  level,  with  control  of  the  CPU  being  given  to  the  highest  priority 
task  that  is  ready  to  execute.  Tasks  can  create  other  tasks,  as  well  a  delete, 
suspend,  and  change  the  priority  of  themselves  or  other  tasks. 

In  a  multitask  environment,  tasks  exist  in  one  of  the  four  following 
states : 

a.  Executing  -  The  task  has  control  of  the  CPU  and  is  executing  its 
assigned  instruction  path. 

b.  Ready  -  The  task  is  ready  for  execution  but  cannot  gain  control  of  the 

CPU  until:  (1)  all  higher  priority  tasks  existing  in  the  ready  or  executing 

state  are  either  completed  or  suspended,  and  (2)  it  reaches  the  head  of  the 
queue  of  equal  priority  tasks. 

c.  Suspended  -  The  task  has  been  suspended  mid-execution  and  is  waiting 

to  be  readied  by  a  system  call  or  an  event  (e.g. ,  a  certain  number  of  ticks 

expires  or  a  special  character  arrives). 

d.  Dormant  -  The  task  has  not  been  initiated,  or  its  execution  has  been 
completed  and  it  is  now  idle. 

Figure  2.1-10  summarizes  the  task  state  transition. 

A  task  may  become  suspended  for  any  of  the  following  reasons: 

a.  A  Task  Suspended  call,  SC_TSUSPEND,  was  issued  specifying  that  task 
(either  by  priority  or  ID  number). 

b.  The  task  suspended  itself  for  a  specified  time  de  y  using  the 
SC_TDELAY  call. 

c.  The  task  is  waiting  for  a  message  from  another  task  or  interrupt 

handler  (i.e. ,  it  issued  an  SC_PEND  or  SC_QPEND  call  but  no  message  is  posted 

yet) . 

d.  The  task  issued  an  SC_WAITC  call  and  is  waiting  for  a  special 
character  to  be  sent  from  an  I/O  device. 

e.  The  task  issued  an  SC_GETC  call,  but  the  input  buffer  maintained  by 
VRTX  was  empty,  so  it  is  waiting  for  input  from  an  I/O  device. 

f.  The  task  issued  an  SC_PUTC  call,  but  the  output  buffer  was  full,  so  it 
is  waiting  to  output  to  an  I/O  device. 

Just  as  a  number  of  different  events  may  suspend  a  task,  several  events 
and  calls  can  place  a  suspended  task  back  in  the  ready  state. 

a.  An  SC_TRESUME  call  can  be  issued  to  ready  a  task  that  was  suspended  by 
an  SC_TSUSPEND  call. 


2.1.2  (Cont'd) 

b.  A  time  delay  can  escpire.  thus  readying  a  task  that  was  either 

suspended  by  an  SC_TD&LAY  call  or  timed  out  pending  for  a  message. 

c.  A  message  can  be  posted  (via  an  SC_POST,  SC_QPOST,  UI_POST,  or 

UI_QPOST  call)  to  a  task  that  is  waiting  for  a  message. 

d.  A  special  character  can  be  sent  (via  a  UI_RXC3!R  call  fran  an  interrupt 
service  routing)  to  a  task  that  was  suspended  by  an  SC_WAITC  call. 

e.  Characters  can  be  sent  to  the  input  buffer  frcm  an  interrupt  service 

routine  using  the  UI_RXCHR  call;  any  tasks  that  were  suspended  on  an  empty 

buffer  are  then  readied. 

f.  Characters  can  be  removed  from  the  output  buffer  by  an  interrupt 

service  routine  using  the  UI_TXRDY  call;  any  tasks  that  were  suspended  on  a 

full  buffer  are  then  readied. 

In  the  VPR,  VRTX  is  augmented  by  various  software  modules  to  provide  the 
operating  system  environment  (refer  to  fig.  2.1-11).  These  range  from  the  most 
primitive,  i.e. ,  device  drivers  and  interrupt  handlers  which  embody  the  unique 
timing  and  control  signal  manipulation  of  the  various  hardware  elements,  to  the 
high  level  applications  tasks.  Intermediate  levels  contain  the  command 
processors,  utility  and  I/O  processors,  as  well  as  VRTX  and  its  extensions. 
The  follcwing  paragraphs  provide  a  discussion  of  the  applications  tasks. 

The  operator  interfaces  to  the  VPR  through  a  keyboard  monitor  (VPR_SYS) 
task  which  is  created  during,  and  given  control  following  power  up 
initialization.  The  Warnier-Orr  diagram  is  shown  in  Figure  2,1-12.  This  task 
controls  the  mine  detonation  processing  tasks  (Mine-chk.  Print-mine)  along  with 
other  functions.  These  functions  include:  setting  and  displaying  the  current 
date  and  time,  zeroing  and  displ^ing  bank  memory,  displaying  the  latest 
revision,  setting  and  displaying  the  total  ntanber  of  mines  to  monitor, 
initializing  the  parameter  used  in  Mine-chk.  resetting  detonation  data  for  an 
individual  mine,  and  displaying  detonated  mines.  The  task  is  in  an  endless 
loop  waiting  for  an  input  from  the  operator.  A  two  letter  mnemonic  is  entered 
on  the  keyboard  to  invoke  the  function.  It  should  be  noted  that  to  ensure 
proper  data  identification,  the  time  should  be  set  prior  to  starting  the  mine 
checking  task  (Mine-chk) . 
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2.1.2  (Cont'd) 

The  Mine_chk  task  (shown  in  fig.  2.1-13)  is  the  highest  priority  task  in 
the  system.  When  this  task  is  created  it  runs  immediately.  The  task  examines 
the  data  buffer  to  determine  if  a  detonation  has  occured  for  a  particular  mine 
(the  buffer  being  in  sequential  order  of  mine  number).  If  a  detonation  is 
detected,  an  array  showing  the  status  of  the  mines  is  checked  to  determine  if 
that  particular  mine  has  detonated  before.  A  zero  in  the  data  buffer  indicates 
a  detonation.  If  it  has  not,  the  status  of  the  mine  is  changed  to  detonated 
and  the  current  time  is  recorded  as  the  time  of  mine  detonation.  These 
detonation  times  are  stored  in  sequential  order  and  the  task  is  delayed  one 
second  before  repeating  the  process. 

The  Print_mine  task  (shown  in  fig.  2.1-14)  is  the  second  highest  priority 
task.  It  was  created  solely  to  display  detonation  times  on  the  terminal  and 
printer.  Because  of  the  long  time  factor  involved  in  printing  out  the  mine 
detonation  times,  inaccuracies  in  the  detonation  time  could  occur  if  the 
Mine_chk  task  waited  for  printing.  By  having  a  separate  task  for  printing, 
Mine_chk  does  not  have  to  wait  for  the  printing  to  cease  before  resuming  the 
monitoring  of  detonated  mines.  While  the  Mine_chk  and  Print_mine  tasks  are 
running,  the  terminal  has  an  MC_ON:  prompt. 

The  monitoring  of  the  parallel  1/0  boards  is  accomplished  through  the  HDDS 
software  routine  MDD_INPDT  and  MDD_INIT.  MDD_INIT  is  invoked  in  the 
initialization  routine  VPI(_I0.  MDD_IMPDT  is  invoked  by  a  signal  from  the  data 
processing  board.  The  signal  travels  via  the  hardware  mailbox  every  20  ms. 
The  generation  of  the  signal  is  the  result  of  a  hardware  interrupt  handling 
routine  called  Tick.  Tick  receives  its  interrupt  from  the  system  clock. 

The  KDD_INIT  routine  first  sets  up  the  parallel  I/O  board  for  Bit 
Programmable  mode,  which  allows  the  board's  32  I/O  lines  and  eight  status  lines 
to  be  used  as  either  inputs  or  outputs.  Next  these  40  lines  are  designated  as 
inputs.  This  is  done  to  all  five  boards.  This  set  up  procedure  is 
accomplished  by  using  a  control  byte  and  sending  it  to  the  appropriate  control 
register  address. 

The  MDD_INPUT  routine  reads  the  data  from  the  input  lines  by  bytes  and 
converts  each  bit  into  a  byte  and  stores  it  into  a  200-byte  data  buffer.  The 
data  bytes  from  the  status  lines  of  the  two  parallel  I/O  chips  (PIOl,  PI02)  are 
added  together.  For  only  the  upper  nibble  of  each  byte  is  actual  data  (two 
strobe  and  two  ready  lines).  When  the  irrelevant  nibble  is  masked  off  and  the 
PIOl  status  nibble  is  shifted  down,  the  two  are  added  together  and 
appropriately  stored  in  the  data  buffer.  The  Warnier-Orr  diagram  of  the 
routines  are  shown  in  Figure  2.1-15. 
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2.2  TRARSTERM  3  TERMINAL 


The  Transterm  3  (shown  in  fig.  2.2-1)  communicates  with  the  VPR's  data 
processor  using  the  standard  Electronic  Industry  Association  interface 
(rS-232).  The  terminal  communicates  using  a  serial  data  format.  Each 
character  is  transmitted  using  a  leading  start  bit,  seven  data  bits,  a  parity 
bit  and  one  stop  bit.  The  terminal's  serial  receiver  needs  to  receive  only  one 
stop  bit  for  proper  operation.  The  set  up  for  the  VFR  and  terminal  is  shown  in 
Figure  2.2-2. 

The  Transterm  3  does  not  use  switches  or  jumpers  to  individually  enable  or 
disable  the  features  needed  for  communications  with  the  VFR.  Instead,  the 
Transterm  3  uses  memory  resident  flags  that  may  be  set  or  reset  in  the  set-up  < 

mode. 

The  following  is  the  Transterm  3  set-up  mode  for  communications  with  the 
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Figure  2.2-1.  Transterm  3  with  40  column  printer/plotter. 


Figure  2.2-2.  VPR  and  terminal  setup 


CrnuD 

Flag 

Name /Function  _ 

1  1 

BRl 

Baud  rate  selection. 

1  2 

BK2 

Baud  rate  selection. 

1  3 

BR3 

Baud  rate  selection. 

1  4 

PSl 

Parity  selection. 

1  5 

PS2 

Parity  selection. 

1  6 

DBF 

Display  buffer  format. 

1  7 

PAG 

Page  mode. 

1  8 

LKE 

Local  keyboard  echo. 

* 

2  1 

EXP 

Enable  XON/OFF  protocol. 

2  2 

ELW 

Enable  line  wrap. 

* 

2  3 

EKR 

Enable  key  repeat. 

2  4 

ENL 

Enable  new  line. 

* 

2  5 

ELN 

Enable  line  number. 

2  6 

EPF 

Enable  protected  fields. 

* 

2  7 

EAP 

Enable  auto-print. 

2  8 

ELC 

Enable  lower  case. 

3  1 

DPT 

Disable  printer. 

3  2 

DOL 

Disable  on  line  (at  RESET). 

* 

3  3 

DCS 

Disable  CTS  signal. 

* 

3  4 

DAA 

Disable  auto  answer  (M  version  only) 

3  5 

DBL 

Disable  battery  low  turn  off. 

3  6 

DTO 

Disable  time  out  turn  off. 

* 

3  7 

DPA 

Disable  phone  no.  access. 

* 

3  8 

DUA 

Disable  UID  access. 

4  1 

Not  used. 

4  2 

Not  used. 

4  3 

Not  used. 

4  4 

Not  used. 

4  5 

Not  used. 

4  6 

Not  used. 

4  7 

Not  used. 

4  8 

Not  used. 

* 

Default  Flag  values  set  to  "1". 

Figure  2.2-3.  Brief  Flag  Summary. 


2.2  (Cont'H) 

The  40  column  printer  of  Transterm  3  provides  a  paper  copy  of  information 
at  the  terminal.  Mine  detonations  are  automatically  printed  as  they  occur. 
Status  updates  are  printed  on  command. 

The  DISPLAY  is  a  2  line  80  character  LCD  display  that  serves  as  a  window 
into  the  DISPLAY  BUFFER  memory.  It  can  display  93  standard  ASC  II  characters 
in  a  5  by  7  dot  matrix  pattern  and  has  a  cursor  symbol  to  show  character 
placement.  The  DISPLAY  is  also  used  to  display  the  terminal  status  and  setup 
parameter  values  to  the  operator. 

The  INPUT  BUFFER  is  a  64  character  first  in/first  out  (FIFO)  memory  used 
to  temporarily  bold  data  which  has  been  received  by  the  communications  port. 
Data  are  subsequently  removed  from  the  input  buffer  and  routed  to  the  DISPLAY 
BUFFER  and  the  PRINTER. 

The  BATTERY  PACK  serves  as  the  power  source  for  the  Transterm  3.  It 
consists  of  self-contained  recbargable  Ni-Cad  batteries  that  will  operate  the 
terminal  for  about  24  hours  on  a  full  charge.  It  also  provides  power  for  the 
retention  of  the  DISPLAY  BUFFER  data  and  the  SET-UP  parameters  in  memory  when 
the  Transterm  3  is  turned  OFF. 

An  example  of  the  data  printed  by  the  Transterm  appears  as  Figure  2.2-4. 
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Figure  2.2-4.  HDDS  data  sample. 


2.3  HDDS  HARDWARE 


The  HDDS  hardware  includes  all  of  the  hardware  used  to  sense  the  mine 
detonation  and  present  a  signal  representing  that  occurrence  to  the  VFR. 

2.3.1  Sensor  with  Cable 

The  sensor  was  originally  designed  to  be  used  as  the  nose  cone  of  the 
Light  Antitank  Weapons  (LAW)  rocket.  It  is  suited  for  use  with  the  HDDS 
because'  it  has  a  piezoelectric  crystal  inside,  that  produces  a  voltage  when 
vibrated.  A  resistor  is  placed  in  parallel  with  the  crystal  during 
fabrication.  The  nominal  resistance  of  the  cone  is  130R  ohms.  The  nominal 
voltage  produced  when  attached  to  a  Volcano  Type  20  mine  that  detonates,  is  2 
V.  The  detonation  of  Type  20  mine  produces  approximately  460  g's  at  the 
surface  of  the  mine.  The  output  signal  is  shown  in  Figure  2.3-1. 

Each  cable  is  a  100-foot-long  jacketed  twisted  pair.  Each  pair  is 
stranded  20  AWG  wire.  Terminal  lugs  on  one  end  allow  easy  connections  to 
remote  boxes.  The  other  end  of  the  cable  is  soldered  to  the  sensor's  positive 
and  negative  terminals.  Heat  shrink  tubing  and  potting  material  prevents 
moisture  from  shorting  the  leads.  The  sensor  and  cable  are  shown  in 
Figure  2.3-2. 
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2.3.1  (Oont'a) 


2.3.2  Rpmotft  box 

The  remote  box  (fig.  2.3-3  and  2.3-4)  accepts  the  signals  from  the  sensors 
and  latches  whenever  that  signal  goes  above  a  certain  threshold. 

The  output  of  a  sensor  is  fed  into  the  negative  input  of  a  comparator. 
The  positive  input  to  the  comparator  is  connected  to  a  reference  voltage.  The 
output  of  the  comparator  is  the  normally  high.  The  comparator's  output  is 
connected  to  one  of  the  set  inputs  of  an  RS  latch.  The  reset  lines  are 
connected  to  a  pull  up  resistor  that  keeps  them  high.  The  output  of  the  RS 
latch  is  normally  low.  The  latch's  output  is  fed  into  an  inverting  line 
driver.  The  output  of  the  driver  is  normally  high.  The  board  layout  is  shown 
in  Figures  2.3-5  and  2.3-6. 

When  the  mine  detonates ,  the  vibrations  created  at  the  surface  cause  the 
sensor  to  generate  a  voltage  that  exceeds  the  reference.  The  output  of  the 
comparator  goes  low  momentarily.  When  it  does,  the  RS  latch  input  are  "1"  and 
"0"  for  the  R  and  S  inputs,  respectively.  Looking  at  the  latches  truth  table 
below,  it  is  anticipated  that  the  output  is  going  high  and  staying  high  even 
after  the  S  input  goes  high  again. 


TRUTH  TABLE 


s 

R 

E 

Q 

X 

X 

0 

Mujh 

ImpcJancr 

u 

0 

» 

0 

0 

1 

1 

1 

1 

0 

1 

0  . 

1 

t 

1 

No  Change 

X  -  Don't  C4>t 


The  output  of  the  driver  goes  low  and  stays  there  until  the  latch  is 
reset. 

Resetting  the  latch  is  accomplished  by  momentarily  grounding  the  R  inputs 
to  the  latch  (fig.  2.3-7).  This  results  in  a  "0"  and  "1"  for  the  R  and  S 
inputs  of  the  latch,  respectively.  The  truth  table  above  shows  that  inputs 
with  those  values  would  cause  the  output  of  the  latch  to  go  low  again.  The 
output  of  the  inverting  driver  will  go  high  when  this  happens.  Figure  2.3-8 
shows  the  working  block  diagram  of  the  circuitry. 
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Figure  2.3-7.  Supply  voltage,  reference  voltage  and  reset  switch 
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The  remote  interconnect  cable  is  a  jacketed  multiconductor  cable  that  is 
350  feet  in  length.  Twenty  of  the  conductors  are  signal  lines;  one  is  ground 
and  one  is  the  reset  line.  The  two  male  cannon  connectors  on  the  cable  ends 
allows  one  end  to  be  connected  to  a  remote  box  and  the  other  end  to  an 
interconnect  box  or  an  extender  box. 

The  extender  box  (fig.  2.3-9)  allows  the  coupling  of  two  remote 
interconnect  cables.  The  total  cable  length  becomes  700  feet.  The  two  female 
cannon  connectors  on  the  extender  box  are  connected  pin  to  pin  inside  the  box. 


The  interconnect  box  (fig  2>3-10)  accepts  the  ten  cables  from  the  remote 
boxes  and  provides  a  hardwire  path  to  ribbon  cable  connectors*  The  connectors 
from  two  remote  boxes  are  combined  and  hardwired  to  one  ribbon  cable  connector. 
Therefore,  only  five  ribbon  cables  are  required  to  handle  ten  cables  from  the 
remote  boxes.  The  reset  line  from  each  remote  box  is  diverted  inside  the 
interconnect  box  to  one  pole  of  a  momentary  switch  that  has  its  other  pole 
connected  to  ground.  Momentarily  depressing  the  switch  resets  the  latches  in 
the  corresponding  remote  box. 

Five  ribbon  cables  connect  the  interconnect  box  with  the  VPR.  Each  ribbon 
cable  is  connected  to  a  parallel  I/O  card  that  monitors  the  status  of  40  mines. 
The  setup  of  the  interconnect  box  to  the  VPR  is  shown  in  Figure  2.3-11. 
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APPENDIX  A  -  INSTALLATION  INSTRUCTIONS 


The  instructions  detail  the  preparation  and  setup  of  the  HDDS  for  mine 
testing. 


*  Test  all  of  the  components  of  the  HDDS  prior  to  the  start  of  the  test. 

-Batteries  -  charge  all  batteries  prior  to  the  test. 

-Sensors  -  measure  the  resistance  of  each  sensor  at  the  terminal  lugs. 
The  resistance  measured  should  be  from  125K  to  145R  ohms. 

-Remote  Interconnect  Cables  -  examine  the  remote  interconnect  cables  for 
bent  pins,  bent  connectors,  gashes  in  insulation  and  corrosion.  Pay  close 
attention  to  the  part  of  the  connector  that  provides  strain  relief  when  the 
cable  is  bent.  Insure  that  this  part  of  the  connector  fits  over  the  jacket  of 
the  cable.  Verify  the  continuity  of  each  of  the  cable's  conductors. 

-Remote  box  -  bench  test  the  remote  boxes  by  applying  12  VDC  and  following 
the  steps  below: 

*  Connect  sensors  or  resistors  across  the  20  inputs  of  the  remote  box. 

*  Set  the  threshold  by  varying  R2  and  monitoring  the  voltage  at  the  node 
between  R1  and  R2. 

*  Reset  the  latches  within  the  raaote  box  by  momentarily  shorting  pins  y 
(gnd)  and  z  (reset  line). 

*  Verify  the  presence  of  a  logical  "1"  (4. 7-5.0  V)  at  each  of  the  pins 
from  A  to  X. 

*  Set  the  latches  by  hitting  the  sensors  or  applying  a  voltage  (higher 
than  the  reference)  to  the  input  terminals. 

*  Verify  the  presence  of  a  logical  "0"  (0.00-0.05  V)  at  each  of  the  pins 
from  A  to  X. 

*  If  the  box  checks  out  as  described  above  and  the  steady  state  current 
requirement  is  between  5-15  MA,  the  box  is  okay. 

-VPR  -  interconnect  box  harness  test  -  the  continuity  of  the  conductors  in 
the  ribbon  cables. 

-Interconnect  box  -  test  the  continuity  of  the  conductors  between  the 
Cannon  connector  and  the  INB/Ansley  connector.  Use  Appendix  C  as  a  guide. 


A-1 


wKr* 

K&> 


*  HDDS  installation. 

-VPR  -  please  follow  these  steps  in  the  order  written.  Connect  the  VPR 
power  cable  to  the  24  V  power  supply.  Connect  the  battery  terminal  lugs  to  the 
appropriate  battery  posts.  Plug  in  the  power  cord  for  the  power  supply.  The 
last  step  is  to  connect  the  power  cable  to  the  VPR  while  the  VPR  power  switch 
is  off. 

-Transterm  terminal  -  connect  the  VPR  terminal  cable  to  the  VPR  and  the 
Transterm.  Connect  one  end  of  the  AC  power  adapter  to  the  Transterm  and  the 


other  to  a  110-VAC  outlet.  Press  the 


configuration  by  entering 


key.  Verify  the  proper  setup 


and  comparing  the  display  to  the 


following : 

10100001  00001000 


00110111  00000000 


keys  to  select  the  bit  you  want 


If  the  displayed  configuration  matches  the  one  above >  press  the  key 
again.  If  they  do  not  match  use  the^3  and^^  keys  to  select  the  bit  you  want 
to  change.  Use  the  and  ■■  keys  to  change  state  of  the  bit.  When  the  two 

Mi 

configurations  match,  press  the  jj^jU  key  again. 

-Interconnect  box  -  Connect  one  end  of  the  VPR  interconnect  harness  to  the 
first  parallel  I/O  card  in  the  VPR.  Connect  the  other  end  of  the  harness  to 
position  one  (INB/Ansley)  on  the  interconnect  box.  Perform  the  same  procedure 
for  parallel  I/O  cards  2-5  and  interconnect  box  positions  2-5  (fig.  A-1). 

-Remote  interconnect  cables  -  connect  remote  interconnect  cables  to  cannon 
connector  positions  1-10  on  the  interconnect  box.  Run  the  10  cables  to  the 
remote  boxes  in  the  mine  field.  If  a  cable  cannot  reach  a  remote  box,  use  a 
cable  extender  box  (fig.  A-2)  to  connect  another  reel  of  remote-interconnect 
cable. 

-Sensors  with  cable  -  tie  the  sensor  end  of  the  cable  around  the  stake 
near  the  mine  (fig.  A-3).  Run  the  cable  back  to  the  remote  box.  Connect  the 
terminal  lugs  of  the  sensor  cable  to  an  open  terminal  on  the  remote  box. 
Perform  the  same  procedure  with  19  other  sensors  with  cables.  If  an  input  is 
not  used  tie  it  to  ground  with  a  strand  of  wire. 

-Remote  boxes  -  Check  to  make  sure  that  the  remote  interconnect  cable  and 
the  20  sensors  with  cables  are  connected  to  the  remote  boxes.  Connect  the 
remote  box  power  cable  to  the  remote  box  first.  Connect  the  other  end  of  the 
power  cable  to  the  12  V  lead  acid  battery.  Tape  a  pad  or  board  over  the 
battery  to  protect  against  accidental  short  circuiting  of  the  battery  posts. 
Place  the  remote  box  on  a  wooden  box.  Put  a  pad  or  board  on  the  remote  box  and 
the  battery  on  the  board.  The  setup  is  shown  in  Figure  A-4. 
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Test  the  resistance  of  the  cables  by  putting  an  ohm  meter  across  each  ut 
the  20  sets  of  terminal  inputs  on  the  remote  box.  The  fact  that  the  battery  is 
connected  to  the  remote  box  will  not  affect  the  readings.  The  resistance 
measured  should  be  between  125K  and  145K  ohms.  Perform  a  complete  checkout  of 
the  system  before  cementing  the  sensor  to  the  mine.  The  complete  checkout  can 
be  accomplished  by  performing  the  Initialization  procedures  in  the  operator 
section  of  this  manual,  and  then  tapping  each  sensor  to  verify  that  that  a 
detonation  message  is  printed.  Once  the  checkout  is  complete,  cover  everything 
with  something  like  a  garbage  can  to  provide  initial  protectioi  against  the 
elements.  Attach  the  sensors  to  the  mines  with  dental  cement  or  some  other 
hole  filling  adhesive. 


APPENDIX  B  OPERATOR  INSTRUCTIONS 


Initialization 

a.  Turn  the  VPR  power  switch  to  the  ON  position.  Verify  that  the  power 
light  on  the  face  of  the  VPR  comes  on  (fig.  B-l). 

b.  Depress  the  red  reset  switch  located  on  the  VPR  Terminal  cable  (RS232 
cable)  that  connects  the  VPR  with  the  Transterm-3  terminal.  Protect  the  reset 
button  from  accidental  depression.  Depressing  the  reset  button  causes  the 
resetting  of  the  CIM-BUS  (fig.  B-2). 


c.  Turn  the  Transterm-3  terminal  on  by  pressing  the 


make  sure  that  the  VPR  prompt  comes  up  on  the  display.  Press 


key.  Check  to 


d.  Set  the  time  by  entering  the  command^  \and  pressing 
prompt  will  appear  with  the  date  time  format  (month:  date:  hour:  minute). 


Enter  the  information  and  press 
entering  the  c  ommandV^  i  t  \ press ing 
and  time  displayed. 


Verify  the  correct  time  entry  by 
and  checking  the  month,  date,  time 


e.  Reset  all  of  the  remote  boxes  by  depressing  the  corresponding  reset 
switch  on  the  interconnect  box  shown  in  Figure  B-3. 

f.  Initialize  the  status  of  the  mines  by  entering  the  command '_\and 


pressing  the 


key.  The  VPR:  prompt  will  reappear. 


( 
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Figure  B-1.  Vehicle  performance  recorder  (VPR) 
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Figure  B-2.  VPR  Terminal 
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g.  Input  the  total  number  of  mines  being  monitored  by  entering  the 


command  V^_\\ »*\  and  pressing  the 


key.  A  prompt  will  come  up,  asking  you 


to  enter  the  total  number  of  mines.  Enter  the  total  as  a  three  digit  number 
(example,  3  would  be  003). 

b.  Initiate  the  mine  checking  program  by  entering  the  command!  \and 


pressing  the 


key.  The  M  C  ON  prompt  will  appear.  A  task  is  now  running 


that  continuously  monitors  the  remote  boxes. 


-Monitoring  Mines 


a.  When  a  mine  detonates,  the  HDDS  will  automatically  print  the  mine 
number,  month,  date,  and  time  of  detonation. 

b.  Periodically  make  sure  that  the  VFR  power  supply,  and  the  Transterm 
terminal  are  ON. 


-Displaying  the  Mine  Status. 


There  are  five  formats  that  can  be  used  to  display  the  status  of  mines. 


Entering  the  command! and  pressing 


causes  a  prompt  to  be  displayed 


that  asks  you  to  make  a  display  format  choice.  The  following  is  a  list  of  the 
commands  and  what  they  do: 


■-".v.v.v. 


I 

I 

I 


I 


V  AwT  V.  V  .  A 


VI V-  V 


Press  1  -  Selecting  this  choice  gives  you  a  list  of  the  detonated  mines 


in  order  of  mine  number  (1 >2. . . . total  mines).  Enter  Q  to  quit. 


Press  2  -  This  choice  gives  you  a  list  of  detonated  mines  in  time  order  of 


detonation  (from  the  first  mine  to  detonate  to  the  last). 


Enter  Q  to  quit. 


Press  3  -  Gives  you  a  list  of  detonated  mines  that  are  within  a  range  of 


mine  numbers.  You  enter  the  range  when  the  terminal  prompts  you 


to  enter  the  start  and  stop  number.  Enter  Q  to  quit. 


Press  4  -  Gives  you  a  choice  of  listing  the  status  of  all  the  mines  or  an 


individual  mine.  If  a  mine  has  not  detonated,  then  the  month, 


date,  and  time  will  be  represented  by  zeros.  Enter  Q  Q  Q  to  quit. 


Press  5  -  This  choice  causes  the  VPR  to  count  the  number  of  detonated 


mines  and  print  the  total  number. 
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Command  Summary 

a.  Mine  initiate  -  Entering  M  I  RETURN  causes  all  of  the  mine  detonation 
times  to  be  reset  to  zero.  Remember  to  reset  the  hardware  latches. 

b.  Mine  reset  -  Entering  H  R  *f  f  ^  RETURN  causes  mine  detonation  time  of 
the  mine  you  specify >  to  be  reset  to  zero.  Remember  to  reset  the  hardware 
latch. 


c.  Total  count  -  Entering  T  C  RETURN  gives  you  the  total  number  of  mines 
being  monitored. 

d.  Total  mines  -  Entering  T  M  RETURN  allows  you  to  enter  the  total  number 
of  mines  that  you  will  be  monitoring.  Enter  the  number  as  three  digits 
(example  12  is  represented  as  012)  and  then  press  return(#  #  #  RETURN). 

e.  Mine  count  program  ON  -  Entering  M  C  RETURN  starts  the  mine  checking 
program.  A  prompt  comes  up  on  the  display  to  let  you  know  that  the  mines  are 
being  monitored  (MC  ON). 

f.  Mine  coun’-  program  OFF  -  Entering  M  0  RETURN  terminates  the  mine 
checking  program  and  returns  the  VFR:  prompt. 

g.  Mine  display  -  Entering  M  D  RETURN  causes  a  menu  to  be  displayed.  The 
menu  gives  you  a  choice  of  five  ways  to  display  mine  detonations: 

*  t  Denotes  any  number. 
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1  -  Ordered  by  mine  number.  Press  Q  to  quit. 

2  -  Ordered  by  time.  Press  Q  to  quit. 


i 

'0 

a 

I 


3  -  Asks  you  for  a  range  of  mine  numbers  and  then  prints  the 
detonated  mines  within  that  range.  Press  Q  to  quit. 


I 
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APPENDIX  C  -  HDDS  CHANNEL  INTERCONNECTION  DIAGRAM 

-  The  purpose  of  this  diagram  (fig>  C-1  and  2)  is  to  make  is  easy  to  trace 
channels  throughout  Che  HDDS.  Knowing  where  to  access  a  channel  at  any  point 
within  Che  HDDS  should  aid  in  isolating  problem  areas. 

-  This  diagram  is  most  convenient  Co  use  if  you  have  a  channel  number  in 
mind  and  want  Co  know  bow  to  access  it  at  some  point  within  Che  HDDS.  If  you 
have  an  inquiry  of  another  type,  refer  to  the  body  of  this  report. 
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AP 
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DT 
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mV 

TL 
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RAM 

VPR 
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VAC 

VDC 

VRTX 
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Aberdeen  Proving  Ground 

antipersonnel 

antitank 

central  processing  unit 

Developmental  Test 

acceleration  due  to  gravity 

integrated  circuit 

liquid  crystal  diode 

Mine  Detonation  Detection  System 

millivolt 

tripline 

programmable  read  only  memory 
self-destruct 
random  access  memory 
vehicle  performance  recorder 
volts 

volts  alternating  current 
volts  direct  current 
versatile  real  time  executive 
Multiple  Delivery  Mine  System 


(Page  E-2  Blank) 


APPENDIX  F  -  DISTRIBUTION  LIST 


TEOOM  Project  No.  8-WE- 90 0-13 9-016 


Addressee 


Commander 

U. S.  Army  Test  and  Evaluation  Command 
ATTN:  AMSTE-TE-T 
AMSTE-AD-I 
AMSTE-AD-M 
AMSTE-TO-H 
AMSTE-TC-I 

Aberdeen  Proving  Ground,  MD  21005-5055 
Commander 

U. S.  Army  Cold  Regions  Test  Center 

ATTN:  STECR-OP-PM 

APO  Seattle  98733-7850 


No.  of 
Copies 


Commander 

U.  S.  Army  Tropic  Test  Center 
ATTN:  STETC-TD-0 
APO  Miami  3A00A 

Commander 

U.S.  Army  Armament  Research,  Development,  and 
Engineering  Center 
ATTN:  SMCAR-FSM-S 
Pica tinny  Arsenal,  NJ  07806-5000 

Commander 

U.  S.  Army  Yxima  Proving  Ground 
ATTN:  STEYP-MDP 
STEYP-MNI 
STEYP-MMI 
Yiuna,  AZ  85364 

Director 

U.S.  Army  Materiel  Systems  Analysis  Activity 
ATTN:  AMXSY-GB 
AMXSY-RI 

Aberdeen  Proving  Ground,  MD  21005-5071 
Director 

U. S.  Army  Himian  Engineering  Laboratory 
ATTN:  AMXHE-FS 

Aberdeen  Proving  Ground,  MD  21005-5001 
Project  Manager 

Mines,  Countermines,  and  Demolitions 
ATTN:  AMCPM-MCD 

Picatinny  Arsenal,  NJ  07806-5000 


D.S.  Ar«y  Ballistic  Research  Laboratory 
ATTR:  SLCBR-DD-T  (STINFO) 

Aberdeen  Proving  Ground,  MD  21005-5066 

Conmiander  ,  , 

O.S.  Army  Combat  Systems  Test  Activity 

ATTN;  STECS-DA-I 
STECS-DA 
STECS-AS-L 
STECS-CO 
STECS-AD-A 

Aberdeen  Proving  Ground,  MD  21005-5059 
Administrator 

Defense  .echnical  Information  Center 
ATTN:  DDA 
Cameron  Station 
Alexandria,  VA  22034-6145 


Distribution  unlimited* 


